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1

ELECTRODERMAL ACTIVITY
ACQUISITION

FIELD

The subject matter described herein relates 1n general to

clectrodermal activity (EDA) and, more particularly, to
acquiring EDA.

BACKGROUND

Electrodermal activity (EDA) 1s a biosensing technique
used i psychology and medicine to detect emotional
arousal, measure distress levels, and/or predict seizures,
among other things. EDA 1s the measurement of skin tran-
spiration in the palm and/or fingers of a user. An emotional
state of the user can be identified based on the determined

EDA.

SUMMARY

In one respect, the subject matter presented herein relates
to a method for measuring electrodermal activity (EDA).
The method can include detecting, using one or more
sensors, contact with a sensing surface. The sensing surface
can have a plurality of electrode pairs. Each electrode pair
can mclude a first electrode and a second electrode. The first
clectrode and the second electrode can be electrically 1so0-
lated from each other. The plurality of electrode pairs can be
clectrically isolated from each other. A distance between
neighboring electrode pairs can be larger than a distance
between the first electrode and a second electrode of each
clectrode pair. The method can include, 1 response to
detecting the contact with the sensing surface, selecting one
or more electrode pairs to activate. The method can include,
in response to selecting one or more electrode pairs to
activate, causing the selected one or more electrode pairs to
be activated.

In another respect, the subject matter presented herein
relates to a system for measuring electrodermal activity. The
system can include a sensing surface. The sensing surface
can have a plurality of electrode pairs. Each electrode pair
can mclude a first electrode and a second electrode. The first
clectrode and the second electrode can be electrically 1so0-
lated from each other. The plurality of electrode pairs can be
clectrically isolated from each other. A distance between
neighboring electrode pairs can be larger than a distance
between the first electrode and a second electrode of each
clectrode pair. The system can include one or more sensors.
The one or more sensors can be configured to detect contact
with the sensing surface. The system can include one or
more processors. The one or more processors can be opera-
tively connected to the plurality of electrode pairs. The one
Or more processors can be operatively connected to the one
or more sensors. The one or more processors can be pro-
grammed to 1nitiate executable operations that include,
responsive to detecting contact with the sensing surface,
selecting one or more electrode pairs to activate, and,
responsive to selecting one or more electrode pairs to
activate, causing the selected one or more electrode pairs to
be activated.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate various
systems, methods, and other embodiments of the disclosure.
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It will be appreciated that the illustrated element boundaries
(e.g., boxes, groups of boxes, or other shapes) 1n the figures

represent one embodiment of the boundaries. In some
embodiments, one element may be designed as multiple
clements or multiple elements may be designed as one
element. In some embodiments, an element shown as an
internal component of another element may be implemented
as an external component and vice versa. Furthermore,
clements may not be drawn to scale.

FIG. 1 1s an example of an electrodermal activity (EDA)
acquisition system.

FIG. 2 1s an example of a sensing surface.

FIG. 3 1s an example of a method for acquiring EDA.

FIG. 4A-4B are examples of an EDA acquisition scenario.

DETAILED DESCRIPTION

Electrodermal Activity (EDA) can be used to determine a
user’s emotional state. Electronic devices and vehicles that
can access the EDA of the user can adapt their functions to
accommodate the user’s emotional state. However, 1n order
to accurately capture EDA and reduce the occurrence of
noise 1n the measured EDA, electrodes are glued (or other-
wise attached) to and/or hardly pressed against the user’s
skin. Flectrodes that are neither glued nor hardly pressed
against the skin may result 1n friction as the user moves,
which, 1 turn, can generate significant noise in the mea-
surements. As such, the user may experience discomiort
with the electrodes being glued to the user’s skin, and may
find the technique nvasive.

Arrangements presented herein are directed to acquisition
systems and methods for capturing EDA. The EDA acqui-
sition system can include a sensing surface, which can be
rigid or compliant. EDA data can be captured when the user
touches the sensing surface. More particularly, EDA data
can be captured when a portion of the user’s hand (e.g.,
fingers or palm) or other portion of the body 1s 1n contact
with the sensing surface.

As an example, the sensing surface can include a plurality
of electrodes. The electrodes can capture EDA without being
glued or pressed into the skin of the user. In some arrange-
ments, the EDA acquisition system can apply a noise-
cancelling algorithm to the captured EDA to achieve a high
signal-to-noise ratio. The sensing surface can be 1ncorpo-
rated 1nto one or more vehicle structures, such as a steering
wheel, a touchscreen, and/or a touchpad. The electrodes of
the sensing surface can be exposed on the surface, or they
can be located under the surface of the vehicle structure. The
resulting EDA measurement can be transmitted to any
interested entity (e.g., a vehicle system, a mobile device,
and/or a server).

Detailed embodiments are disclosed herein; however, 1t 1s
to be understood that the disclosed embodiments are
intended only as examples. Theretfore, specific structural and
functional details disclosed herein are not to be interpreted
as limiting, but merely as a basis for the claims and as a
representative basis for teaching one skilled in the art to
variously employ the aspects herein in virtually any appro-
priately detailed structure. Further, the terms and phrases
used herein are not mtended to be limiting but rather to
provide an understandable description of possible 1mple-
mentations. Various embodiments are shown 1n FIGS. 1-4,
but the embodiments are not limited to the illustrated
structure or application.

It will be appreciated that for simplicity and clarity of
illustration, where appropriate, reference numerals have
been repeated among the different figures to indicate corre-
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sponding or analogous elements. In addition, numerous
specific details are set forth 1n order to provide a thorough
understanding of the embodiments described herein. How-
ever, 1t will be understood by those of ordinary skill in the
art that the embodiments described herein can be practiced
without these specific details.

Referring to FIG. 1, an example of electrodermal activity
(EDA) acquisition system 100 1s shown. The EDA acquisi-
tion system 100 can include various elements, which can be
communicatively linked i any suitable form. As an
example, the elements can be connected as shown 1n FIG. 1.
Some of the possible elements of the EDA acquisition
system 100 are shown in FIG. 1 and will now be described.
It will be understood that 1t 1s not necessary for the EDA
acquisition system 100 to have all of the elements shown 1n
FIG. 1 or described herein. The EDA acquisition system 100
can have any combination of the various elements shown 1n
FIG. 1. Further, the EDA acquisition system 100 can have
additional elements to those shown in FIG. 1. In some
arrangements, the EDA acquisition system 100 may not
include one or more of the elements shown in FIG. 1.
Further, 1t will be understood that one or more of these
clements can be physically separated by large distances.

The EDA acquisition system can include one or more
sensing surfaces 102. The sensing surface 102 can include a
plurality of electrode pairs 104, and one or more skin
conductance sensors 118. The sensing surface 102 can
include an electrically insulating material. The sensing sur-
face 102 can include a rigid surface, which 1s a surface that
can maintain 1ts shape when a pressure 1s exerted on it (e.g.,
polymer). Alternatively, the sensing surface 102 can be a
compliant surface, which 1s a surface that deviate from 1ts
original shape in response to a pressure being exerted on 1t
(e.g., Polydimethylsiloxane (PDMS) or rubber). The sensing
surface 102 can be of any material that does not conduct
clectricity and can be suitable for at least partially embed-
ding the electrode pairs 104. The one or more sensing
surfaces 102 can be integrated into any suitable vehicle
component, such as human interface devices, steering
wheels, touchpads, track pads, and/or touch screens.

The sensing surface(s) 102 can be formed using any
suitable method, e.g., conventional printed circuit board
(PCB) manufacturing technology, flex circuit manufacturing
technology where thin electrodes are embedded 1n a flexible
KAPTON® substrate, screen printing or multi-material
additive manufacturing.

Each electrode pair 104 can include a first electrode 106
and a second electrode 108. The first and second electrodes
106, 108 can be at least partially embedded 1n the sensing
surface 102. In some arrangements, a portion of the first
clectrode 106 and a portion of the second electrode 108 can
be embedded 1n the sensing surface 102 and a portion of the
first electrode 106 and a portion of the second electrode 108
can be exposed on the sensing surface 102. In some arrange-
ments, the exposed portions of the first and second elec-
trodes 106, 108 can be substantially flush with the rest of the
sensing surface 102. In some arrangements, the first elec-
trode 106 and the second electrode 108 can be embedded in
the sensing surface 102 such that the first electrode 106 and
the second electrode 108 are not exposed to the sensing
surface 102. In such case, the first electrode 106 and the
second electrode 108 can be located just under the outer
surface of the sensing surface 102. The first electrode 106
and the second electrode 108 can be electrically 1solated
from each other within the sensing surface 102. When the
first electrode 106 and the second electrode 108 are acti-
vated, there can be substantially low electric current travel-
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ling through the sensing surface 102 between the first
clectrode 106 and the second electrode 108. The current can
be at a biocompatible level that 1s undetectable when the
sensing surface 102 1s touched by a portion of a human’s
body.

The first and second electrodes 106, 108 can be of any
material suitable for permitting skin conductance and
acquiring electrodermal activity. As an example, the first and
second electrodes 106, 108 can be standard silver-silver
chloride (Ag/AgCl) electrodes. As another example, the first
and second electrodes 106, 108 can be stainless steel elec-
trodes.

The electrode pairs 104 can be arranged in any suitable
manner. As an example, the electrode pairs 104 can be
arranged 1n a grid-like pattern as shown 1n FIG. 2. In some
arrangements, the electrode pairs 104 can be arranged 1n an
interdigitated or non-interdigitated matrix configuration.
The sensing surface 102 can be mapped such that the exact
location of each electrode and each electrode pair 1s known.
For instance, the sensing surface 102 can be mapped using
Cartesian coordinates (X, y) or other coordinates such that
cach electrode 106, 108 and/or electrode pair 104 can be
identified by their coordinates of the sensing surface 102
proximate to the electrode’s and/or electrode pair’s location
respectively.

The electrode pairs 104 can be electrically 1solated from
cach other. In such a case, there 1s substantially no electric
current travelling through the sensing surface 102 from one
clectrode pair 104 to another electrode pair 104. In one or
more arrangements, the first electrode 106 can be a negative
clectrode, and the second electrode 108 can be the positive
clectrode. In such cases, the negative electrode of the
clectrode pairs 104 can be electrically connected to each
other and the positive electrode of the electrode pairs 104
can be electrically connected. Thus, the negative electrode
from the electrode pairs 104 can share an electric potential
value and can behave like a single negative electrode. The
positive electrode from the electrode pairs 104 can share an
clectric potential value and can behave like a single positive
clectrode. As an alternative, the negative electrodes of the
clectrode pairs 104 may not be electrically connected and/or
the positive electrodes of the electrode pairs 104 may not be
clectrically connected. The electrode pairs 104 can be acti-
vated and/or deactivated using any suitable means such as
one or more control switches. The electrode pairs 104 can be
activated and/or deactivated individually or as a group. As
an example of such a case, a single control switch can
activate or deactivate a single electrode pair 104 or a group
of two or more electrode pairs 104.

In one or more arrangements, distance between the first
clectrode 106 and the second electrode 108 of the plurality
of electrode pairs 104 can be substantially equal. The first
clectrode 106 and the second electrode 108 of the electrode
pairs 104 can be substantially equidistant. The distance
between two neighboring electrode pairs 104 can be larger
than the distance between the first electrode 106 and a
second electrode 108 of the electrode pairs 104. The larger
the difference between the distance between neighboring
clectrode pairs 104 and the distance between the first and the
second electrodes 106, 108, the more negligible the parasitic
voltage drop and/or parasitic resistance between the neigh-
boring electrode pairs 104. Parasitic resistance between
activated electrode pairs 104 can cause a parasitic voltage
drop between the electrode pairs 104, which can lead to false
or maccurate EDA measurements.

The EDA acquisition system 100 can include one or more
processors 120. “Processor” means any component or group
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of components that are configured to execute any of the
processes described herein or any form of instructions to
carry out such processes or cause such processes to be
performed. The processor(s) 120 can be implemented with
one or more general-purpose and/or one or more special-
purpose processors. Examples of suitable processors include
microprocessors, microcontrollers, DSP processors, and
other circuitry that can execute software. Further examples
of suitable processors include, but are not limited to, a
central processing unit (CPU), an array processor, a vector
processor, a digital signal processor (DSP), a field-program-
mable gate array (FPGA), a programmable logic array
(PLA), an application specific integrated circuit (ASIC),
programmable logic circuitry, and a controller. The proces-
sor(s) 120 can include at least one hardware circuit (e.g., an
integrated circuit) configured to carry out instructions con-
tained 1 program code. In arrangements 1n which there 1s a
plurality of processors 120, such processor(s) 120 can work
independently from each other or one or more processor(s)
120 can work 1n combination with each other. In one or more
arrangements, one or more processor(s) 120 can be a main
processor(s) of a vehicle. For instance, one or more proces-
sor(s) 120 can be electronic control umt(s) (ECU).

The EDA acquisition system 100 can include one or more
data stores 122 for storing one or more types of data. The

data store(s) 122 can include volatile and/or non-volatile
memory. Examples of suitable data store(s) 122 include
RAM (Random Access Memory), tlash memory, ROM
(Read Only Memory), PROM (Programmable Read-Only
Memory), EPROM (Erasable Programmable Read-Only
Memory), EEPROM (Electrically Erasable Programmable
Read-Only Memory), registers, magnetic disks, optical
disks, hard drives, or any other suitable storage medium, or
any combination thereof. The data store(s) 122 can be a
component of the processor(s) 120, or the data store(s) 122
can be operatively connected to the processor(s) 120 for use
thereby. The term “operatively connected,” as used through-
out this description, can include direct or indirect connec-
tions, including connections without direct physical contact.

In one or more arrangements, the data store(s) 122 can
include historical data for the electrode pairs 104. The
historical data can be provided in any suitable form. As an
example, the historical data can be 1n a tabulated format with
cach electrode pair 104 1dentified using any suitable 1den-
tifier such as a unique number. Non-limiting examples of the
historical data can include previously measured signal
strengths or quality of the electrode pair 104, value of
parasitic resistance between the electrode pair 104 and 1its
neighboring electrode pairs 104, the number of times the
clectrode pair 104 has been used within a certain time
period, and/or a percentage value indicating the frequency of
use of the electrode pair 104 1n relation to an overall use of
the EDA acquisition system 100.

Parasitic resistance can occur between two or more elec-
trode pairs 104 that are activated. The value of the parasitic
resistance can be determined based on the distance and
material between the two activated electrode pairs 104.
Additionally and/or alternatively, the value of the parasitic
resistance can be determined at the time of manufacture and
can be stored in the historical data for the electrode pairs
104. In one or more arrangements, the data store(s) 122 can
include user data, such as a fingerprint and/or a handprint of
one or more users. In some instances, the user data can
include mformation about the size and/or shape of the hand
of one or more users. User data can include information

relating to hand, finger and/or palm placement 1n relation to
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the sensing surface. Such user data can be based on average
human data, user specific data, learned user data, and/or any
combination thereof.

The EDA acquisition system 100 can include one or more
sensors 110. “Sensor” means any device, component and/or
system that can detect, determine, assess, monitor, measure,
quantily, acquire, and/or sense something. The sensor(s) can
detect, determine, assess, monitor, measure, quantily,
acquire, and/or sense 1n real-time. As used herein, the term
“real-time” means a level of processing responsiveness that
a user or system senses as sufliciently immediate for a
particular process or determination to be made, or that
enables a processor to keep up with some external process.
Data acquired by the one or more sensors can be stored 1n
the data store(s).

In arrangements 1n which there 1s a plurality of sensors
110, the sensors 110 can work independently from each
other. Alternatively, two or more of the sensors 110 can work
in combination with each other. In such case, the two or
more sensors 110 can form a sensor network. The sensors
110 can be attached to or embedded 1nto the sensing surface
102. The one or more sensors 110 can be operatively
connected to the processor(s) 120, the data store(s) 122,
and/or other element of the EDA acquisition system 100
(including any of the elements shown 1n FIG. 1).

The sensor(s) 110 can be any suitable type of sensor.
Various examples of different types of sensors will be
described herein. However, 1t will be understood that the
embodiments are not limited to the particular sensors
described.

The sensors 110 can include one or more capacitive touch
sensors 112. The capacitive touch sensor(s) 112 can detect
and measure anything that 1s conductive or has a dielectric
different from air based on capacitive coupling. The capaci-
tive touch sensor(s) 112 can detect and measure proximity,
pressure, position and displacement, force, humidity, and/or
acceleration. The capacitive touch sensor(s) 112 can be used
in connection with the sensing surface 102. In one or more
arrangements and as an example, the capacitive touch
sensor(s) 112 can be embedded into the sensing surface 102
and the capacitive touch sensor(s) 112 can detect contact
with the sensing surface 102. The capacitive touch sensor(s)
112 can detect how much surface area of the sensing surface

102 1s 1n contact with an object (e.g., a hand or a finger).

The sensors 110 can include one or more force touch
sensors 114. In one or more arrangements and as an
example, the force touch sensor(s) 114 can distinguish
between various levels of force applied to the sensing
surface 102. The force touch sensor(s) 114 can measure the
pressure and/or the weight of a finger and/or a hand and
determine that there i1s contact with an object.

The sensors 110 can include one or more optical sensors
116. The optical sensor(s) 116 can detect contact based on
the presence and/or absence of light. As an example, the
optical sensor(s) 116 can include infrared emitters that emait
infrared light and infrared 1image sensors that detect infrared
light. The infrared 1image sensors can detect when an object
touches the sensing surface 102 and blocks a portion of the
infrared light from being received by the inirared image
sensors. In one or more arrangements and as another
example, the optical sensor(s) 116 can detect contact with
the sensing surface 102 based on an object touching the
surface and the optical sensor(s) 116 detecting an absence of
light. The location of the contact and the size of the contact
area can be calculated by using information from the optical
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sensor(s) 116 and mathematical triangulation. In one or
more arrangements, the optical sensors 116 can include one
Or more cameras.

The sensors 110 can 1nclude one or more skin conduc-
tance sensor(s) 118. The skin conductance sensor(s) 118 can
acquire EDA by measuring the conductivity of skin and/or
sweat on the user’s fingers and/or palm. In one or more
arrangements, the skin conductance sensor(s) 118 can apply
a constant voltage (e.g., 0.5V) to the first and second
clectrodes 106, 108 that are 1n contact with the skin, creating
a circuit. The skin conductance sensor(s) 118 can calculate
the conductivity of the skin and/or sweat by measuring the
current flowing through the first and second electrodes 106,
108. As an example, each electrode pair 104 can include a
skin conductance sensor(s) 118 for measuring the skin
conductance at that respective electrode pair 104. Skin
conductance can be expressed 1n micro-siemens. As an
example, the skin conductance sensor(s) 118 can be
designed to measure minute (Yioo0) micro-siemens relative
changes 1n sweat activity.

The EDA acquisition system 100 can include one or more
modules, which will be described herein. The modules can
be 1mplemented as computer readable program code that,
when executed by a processor, implement one or more of the
various processes described herein. One or more of the
modules can be a component of the processor(s) 120, or one
or more of the modules can be executed on and/or distrib-
uted among other processing systems to which the
processor(s) 120 1s operatively connected. The modules can
include mstructions (e.g., program logic) executable by one
or more processor(s) 120. Alternatively or 1n addition, one or
more data store 122 may contain such instructions.

In one or more arrangements, one or more of the modules
described herein can include artificial or computational
intelligence elements, e.g., neural network, fuzzy logic or
other machine learning algorithms. Further, in one or more
arrangements, one or more of the modules can be distributed
among a plurality of the modules described herein. In one or
more arrangements, two or more of the modules described
herein can be combined into a single module.

The EDA acquisition system 100 can include one or more
clectrode pair selection (EPS) modules 130. The EPS mod-
ule(s) 130 can be configured to select one or more electrode
pairs 104 to activate 1n response to contact with the sensing
surface 102 being detected. The EPS module 130 can
receive mmformation from the sensors 110 indicating which
portions (1f any) of sensing surface 102 are in contact with
an object. The mmformation can include, as an example,
Cartesian coordinates of the portions 1 contact with an
object. The EPS module 130 can identily the electrode
pair(s) 104 proximate to the Cartesian coordinates. Upon
identifying the electrode pair(s) 104 proximate to the Car-
tesian coordinates, the FPS module 130 can select one or
more electrode pairs 104 to activate. In some arrangements,
the selection of the electrode pair(s) 104 to activate can be
based on additional or alternative factors, including at least
one of signal quality and historical data. The EPS module
130 can select the electrode pairs 104 to activate based on
any other suitable criteria such as to maximize the distance
between the selected electrode pairs 104, which can reduce
parasitic voltage drop.

To select the electrode pairs 104 to activate based on
signal strength, the EPS module 130 can measure the skin
conductance level for the electrode pairs 104 that are 1n
contact with an object and select the electrode pairs 104 with
a strong signal. To determine the electrode pairs 104 with
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strong signals, the EPS module 130 can determine a thresh-
old value that the measured skin conductance can meet or
exceed.

In some arrangements, the EPS module 130 can activate
the electrode pairs 104 that have been 1dentified as being in
contact with an object. To activate an electrode pair 104,
clectrical energy can be supplied to the electrode pair 104.
The first and second electrodes 106, 108 can be made active
with opposite polarities. As an example, the first electrode
106 can have a negative polarity, and the second electrode
108 can have a positive polarity. Alternatively, the first
clectrode 106 can have a positive polarity, and the second
clectrode 108 can have a negative polarity. The EPS module
130 can measure the skin conductance through the activated
clectrode pairs 104. If the measured skin conductance level
meets or exceeds the threshold value, the EPS module 130
can determine that the electrode pair 104 has a strong signal
and select the electrode pair 104 to be activated for mea-
suring electrodermal activity. If the measured skin conduc-
tance level does not meet the threshold wvalue, the EPS
module 130 can determine that the electrode pair 104 does
not have a strong signal and can determine not to select the
clectrode pair 104 for measuring electrodermal activity. The
EPS module 130 can update signal strength of the electrode
pair 104 1n the historical data.

To select the electrode pairs 104 to activate based on
historical data, the EPS module 130 can, as an example,
determine the frequency with which the electrode pairs 104
in contact with an object are selected for measuring elec-
trodermal activity. As another example, the EPS module 130
can determine the previously measured signal strength of the
clectrode pairs. In some arrangements, the EPS module 130
can select the electrode pairs 104 that are most frequently
used to measure electrodermal activity. In some other
arrangements, the EPS module 130 can select the electrode
pairs 104 that are least frequently used to measure the
clectrodermal activity. In some other arrangements, the EPS
module 130 can select the electrode pairs 104 that were used
in a preceding session of measuring the electrodermal activ-
ty.

As an example, the EPS module 130 can receive the
historical data from the data store 122. The EPS module 130
can determine, based on the received historical data, the
frequency of use of the electrode pairs 104 1n contact with
an object and/or the previously measured signal strength of
the electrode pair 104. The EPS module 130 can sort the
clectrode pairs 104 1n contact from most frequently used to
least frequently used, and/or from the electrode pair 104
with the highest previously measured signal strength to the
clectrode pair 104 with the lowest previously measured
signal strength. The EPS module 130 can use any suitable
algorithm to select the electrode pairs 104 to be activated. As
an example, the EPS module 130 can select a certain number
(e.g., one, more than one, or all) of electrode pairs 104 that
meet a criteria, e.g., a frequency of use level or a signal
strength level, to be activated for measuring electrodermal
activity.

The EDA acquisition system 100 can include one or more
finger/palm determination (FPD) module(s) 132. The FPD
module(s) 132 can be configured to determine whether a
user’s finger and/or palm 1s 1 contact with the sensing
surface 102. The FPD module(s) 132 can determine the area
of contact with the sensing surface 102 based on the perim-
cter of the contact area. The FPD module(s) 132 can
determine the size and/or the shape of the contact area based
on, as an example, the x-, y-coordinates of the contact area.
The FPD module(s) 132 can determine and/or distinguish
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between a finger and a palm based on size and shape as
fingers tend to be narrower and longer than palms which
tend to be wider and shorter.

In some arrangements, the FPD module(s) 132 can
receive a finger print and/or handprint from a suitable sensor
(c.g., lingerprint scanner, hand scanner, camera, etc.). In
such arrangements, the FPD module(s) 132 can compare the
fingerprint and/or handprint received from the sensor with
fingerprint and/or handprint data 1n the user data stored 1n
the data store(s) 122. If the FPD module(s) 132 detects a
match with the fingerprint, the FPD module(s) 132 can
determine that the object in contact with the sensing surface
102 1s a finger. If the FPD module(s) 132 detects a match
with the handprint 1n the user data, the FPD module(s) 132
can determine that the object in contact with the sensing
surface 102 1s a palm.

In addition to the above examples, the FPD module(s) 132
can include any suitable object recognition software to
detect whether the contact 1s being made by a user’s finger,
palm, both, or neither. The FPD module(s) 132 can use any
suitable technique, including, for example, template match-
ing and other kinds of computer vision and/or image pro-
cessing techniques and/or other artificial or computational
intelligence algorithms or machine learning methods. In
some arrangements, the FPD module(s) 132 can tag the
selected electrode pairs 104 that are in contact with the
user’s palm as bemng i contact with the user’s palm.
Additionally and/or alternatively, the FPD module(s) 132
can tag the selected electrode pairs 104 that are in contact
with the user’s finger(s) as being 1n contact with the user’s
finger(s).

The EDA acquisition system 100 can include one or more
clectrode pair activation (EPA) module(s) 134. The EPA
module(s) 134 can be configured to cause the one or more
clectrode pairs 104 to be activated or remain 1n an activated
condition 1n response to the one or more electrode pairs 104
being selected. In some arrangements, the EPA module(s)
134 can be configured to deactivate or keep 1n a deactivated
condition one or more non-selected electrode pairs. In some
arrangements, the EPA module(s) 134 can be configured to
cause the electrode pairs 104 tagged as being in contact with
the user’s palm and/or the electrode pairs 104 tagged as
being 1n contact with the user’s finger(s) to be activated. In
cases where each of the electrode pairs 104 1s operatively
connected to an individualized control switch, the EPA
module(s) 134 can power up the control switch(es) for the
selected electrode pairs 104. Upon being powered up, the
control switch(es) can activate the electrode pair(s) 104. In
such cases and as previously mentioned, the first and second
clectrodes 106, 108 can be set to opposite polarities and a
small voltage can be applied between the first and second
electrodes 106, 108.

The EDA acquisition system 100 can include one or more
clectrodermal activity acquisition (EAA) module(s) 135.
The EAA module(s) 135 can be configured to acquire EDA
data from a user based on the contact with the sensing
surface 102, using the activated electrode pairs 104. In one
or more arrangements, the EAA module(s) 135 can cause the
skin conductance sensor(s) 118 associated with the activated
clectrode pairs 104 to be activated. The skin conductance
sensor(s) 118 can measure the skin conductance across the
activated electrode pairs 104, and the EAA module(s) 135
can receive the EDA data and the related electrode pairs 104
associated with the EDA data. Acquiring EDA data from the
user can include measuring EDA using at least one of skin
potential, resistance, conductance, admittance, and 1mped-
ance. Skin potential can be the voltage measured between
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the first and second electrodes 106, 108 of an activated
clectrode pair 104. Skin resistance can be the resistance
measured between the first and second electrodes 106, 108
of the activated electrode pair 104. Skin conductance can be
the measurement of the electrical conductivity of the skin
between the first and second electrodes 106, 108 of the
activated electrode pair 104. Skin admittance 1s determined
by measuring relative permittivity and the resistivity of the
skin, and by contact ratio between dry electrodes and skin.
Skin impedance can be the measurement of the impedance
of the skin to alternating current of low frequency.

The EDA acquisition system 100 can include one or more
parasitic resistance determination (PRD) modules 136. The
PRD module(s) 136 can be configured to determine the
parasitic resistance between two or more activated electrode
pairs 104. The PRD module(s) 136 can receive information
indicating the electrode pairs 104 selected to be activated. In
one or more arrangements, the PRD module(s) 136 can
calculate the parasitic resistance between two electrode pairs
104 based on the distance and/or the material between the
clectrode pairs 104. Alternatively or additionally, the PRD
module(s) 136 can access the historical data of the electrode
pair 104 and retrieve from the historical data, the parasitic
resistance for the electrode pair 104 based on whether any of
the neighboring electrode pairs 104 have been selected to be
activated. The PRD module(s) 136 can use any suitable
method to calculate the parasitic resistance.

The EDA acquisition system 100 can include one or more
clectrodermal activity evaluation (EAE) module(s) 138. In
one or more arrangements, the EAE module(s) 138 can be
configured to evaluate the EDA data based on one or more
factors. As an example, the EAE module(s) 138 can be
configured to evaluate the EDA data based on the determi-
nation ol whether the user’s finger or palm 1s 1n contact with
the sensing surface 102. The range of EDA data acquired
from the fingers can difler significantly from the range of
EDA data acquired from the palm such that evaluating the
EDA data from the fingers and palm together can lead to
inaccuracies. As such the EAE module(s) 138 can evaluate
the EDA data for the palms or the EDA data for the fingers.
In cases where the EAE module(s) 138 evaluates EDA data
for the palms and the fingers, the EAE module(s) 138 can
evaluate the EDA for the palm(s) separate from EDA data
for the finger(s).

In cases when there are activated electrode pairs 104 1n
contact with the user’s palm or the user’s finger(s) but not
both, the EAE module(s) 138 can conduct further analyses
with the activated electrode pairs 104. In the case where the
activated electrode pairs 104 include electrode pairs 104 1n
contact with the user’s palm and electrode pairs 104 1n
contact with the user’s finger(s), the EAE module(s) 138 can
group the EDA data into a first group, where the electrode
pairs 104 are 1n contact with a finger and a second group,
where the electrode pairs 104 are 1n contact with a palm. The
EAE module(s) 138 can determine which one of the two
groups to select for further analysis. Alternatively, the EAE
module can continue with the two groups for further analy-
S18S.

The EAE module(s) 138 can be configured to evaluate the
EDA data based on the determined parasitic resistance. The
parasitic resistance can aflect the EDA data, leading to
inaccuracies. As such, the EAE module(s) 138 can adjust the
EDA data so as to take the parasitic resistance 1nto account.
As an example, the EAE module(s) 138 can subtract the
parasitic resistance from the EDA calculations.

The EAE module(s) 138 can use any suitable calculations
and/or algorithms to evaluate and determine accurate EDA
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data. The EAE module(s) 138 can identify and reduce noise
in the EDA data measurement. The EAE module(s) 138 can
compare EDA data received from two or more activated
clectrode pairs 104 to i1dentily noise. The EAE module(s)
138 can apply any suitable machine learning techniques to
learn how to receive noisy EDA data from the electrode pairs
104 and reconstruct the noisy EDA data into one or more
EDA measurements with low signal-to-noise ratio. The EAE
module(s) 138 can evaluate the one or more EDA measure-
ments to determine the emotional state of the user. Alterna-
tively or additionally, the single resulting EDA measurement
can be transmitted to any interested entity.

The EDA acquisition system 100 can include one or more
communication modules 140. A “communication module”
refers to a component designed to transmit and/or receive
information from one source to another. The communication
module(s) 140 can transmit and/or receive information via
one or more communication networks. The communication
network(s) can include an 1nternal communication network
as well as an external communication network.

The internal communication network can include a bus
and/or other wired and/or wireless mechanisms. The ele-
ments of the EDA acquisition system 100 such as the data
store 122, the sensors 110, and the processor(s) 120 can be
communicatively linked to each other through the internal
communication network. Fach of the elements of the EDA
acquisition system 100 can include and/or execute suitable
communication software, which enables the various ele-
ments to communicate with each other through the commu-
nication network and perform the functions disclosed herein.

The external communication network represents one or
more mechanisms by which the EDA acquisition system 100
can communicate with other entities, e.g., a mobile device,
a vehicle system, and/or a server. For instance, the EDA
acquisition system 100 can send EDA data to a mobile
device, a vehicle safety system, and/or a server. The external
communication network can include any suitable commu-
nication mechanism such as a Wi-F1 hotspot.

Referring to FIG. 2, an example of a sensing surface 102
1s shown. As an example and as shown 1n FIG. 2, the sensing
surface 102 can include the plurality of electrode pairs 104.
The electrode pairs 104 can be arranged in any suitable
manner. For example, as shown, the electrode pairs 104 can
be arranged 1n a grid format.

The distance D1 between the first and second electrode
106, 108 of each electrode pair 104 can be substantially
equal. The distance Al, D2 between neighboring electrode
pairs 104 can be significantly larger (e.g., 2, 3, 4, 5 or more
times larger) than the distance D1 between the first and
second electrodes 106, 108. In some arrangements, the
distance Al, D2 between neighboring electrode pairs 104
can be substantially equal across the sensing surface 102.

With the distance D1 between the first and second elec-
trode 106, 108 of the electrode pairs 104 being substantially
equal, the resistance between the first and second electrodes
106, 108 of the electrode pairs 104 can be substantially
equal. Having the voltages, resistances, and currents of the
clectrode pairs 104 be substantially equal to the voltage,
resistance, and current of other electrode pairs 104 respec-
tively can reduce the processing power required for evalu-
ating the EDA data.

Now that the various potential systems, devices, elements
and/or components of the EDA acquisition system 100 have
been described, various methods will now be described.
Various possible steps of such methods will now be
described. The methods described may be applicable to the
arrangements described above 1n relation to FIGS. 1-2, but
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it 1s understood that the methods can be carried out with
other suitable systems and arrangements. Moreover, the
methods may include other steps that are not shown here,
and 1n fact, the methods are not limited to including every
step shown. The blocks that are illustrated here as part of the
methods are not limited to the particular chronological order.
Indeed, some of the blocks may be performed 1n a different
order than what 1s shown and/or at least some of the blocks
shown can occur simultaneously.

Referring now to FIG. 3, an example of an EDA measur-
ing method 300 1s shown. The method 300 can be directed
to actions being performed by one or more of the elements
of the EDA acquisition system 100.

At block 310, contact with a sensing surface 102 can be
detected. The contact can be detected by the one or more
sensors 110. In some arrangements, it can be determined
whether a user’s finger or a user’s palm 1s 1n contact with the
sensing surface 102. The FPD module(s) 132 can determine
whether the user’s finger or the user’s palm 1s 1n contact with
the sensing surface 102. The method 300 can continue to

block 320.

At block 320, 1n response to detecting contact with the
sensing surface 102, one or more electrode pairs 104 can be
selected to be activated. The selection of the one or more
clectrode pairs 104 to activate can be performed by the EPS
module(s) 130. As an example and as previously mentioned,
the EPS module(s) 130 can select the electrode pairs 104 to
activate based on at least one of signal quality and historical
data. The method 300 can continue to block 330.

At block 330, in response to selecting one or more
clectrode pairs 104 to activate, the selected one or more
clectrode pairs 104 can be activated. The EPA module(s) 134

can cause the electrode pairs 104 to be activated.

The method 300 can end. Alternatively, the method 300
can return to block 310 or to some other block. The method
300 can be repeated at any suitable point, such as at a
suitable time or upon the occurrence of any suitable event or
condition (e.g., a change 1n hand position or contact area).

The method 300 can include additional and/or alternative
blocks to those described above. For instance, in some

arrangements, the parasitic resistance for the activated elec-
trode pairs 104 can be determined. In some arrangements,
the EAE module(s) 138 can acquire EDA data from the user
using the activated electrode pairs 104. In some arrange-
ments, the EDA data can be evaluated and/or transmitted to
any interested entity.

A non-limiting example of the operation of the EDA
acquisition system 100 and/or one or more of the methods
will now be described 1n relation to FIGS. 4A-4B. FIGS.
4A-4B show an example of an EDA acquisition and mea-
suring scenario. Referring to FIGS. 4A-4B, a user can rest
his or her palm on a handrest 400 while operating a vehicle
user interface 402.

As shown 1n FIG. 4A, the user places his or her palm on
top of the handrest 400, which includes the sensing surtace
102. The sensors 110 can detect contact with the sensing
surface 102. Based on the detected contact with the sensing
surface 102, the FPD module(s) 132 can determine whether
the user’s finger(s) or palm 1s in contact with the sensing
surface 102. In this case, the FPD module(s) 132 can receive
information from the sensors 110 such as the force touch
sensor(s) 114 indicating that a relatively even force 1s being
applied to the sensing surtace 102. The FPD module(s) 132
can determine that the surface area corresponding to the
applied force on the sensing surface 102 1s significantly
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wider than the width of a human finger, and as such can
determine that the user’s palm 1s 1n contact with the sensing
surtace 102.

The EPS module(s) 130 can select the electrode pairs 404
to activate based on current conditions such as signal quality.
Alternatively or additionally, the EPS module(s) 130 can
select the electrode pairs 404 based on historical data such
as signal quality and the frequency of use of the electrode
pairs 404 1n contact with the user’s palm. In this example,
the EPS module(s) 130 can select three electrode pairs
404A, 4048, 404C. The EPA module(s) 134 can activate the
selected electrode pairs 404A, 4048, 404C. Activating the
clectrode pairs 404A, 4048, 404C can causes the first
clectrodes 406 A, 4068, 406C to have a negative polarity, the
second electrodes 408A, 408B, 408C to have a positive
polarity. A low voltage can travel through the skin of the user
from the second electrode 408A, 408B, 408C to the first
clectrode 406 A, 4068, 406C, respectively.

The parasitic resistance between the activated electrode
pairs 404 can be determined based on the material of the
sensing surface 102 and the distance between the activated
clectrode pairs 404 A, 4048, 404C. The skin conductance
sensor(s) 118 can measure the conductivity of the skin on the
user’s palm. The FAE module(s) 138 can determine the
EDA data based on the conductivity measured by the skin
conductance sensor(s) 118 and the parasitic resistance. Upon
calculating the EDA data, the EAE module(s) 138 can
transmit the resulting EDA data through the communication
module(s) 140 to the user’s mobile device and/or to one or
more vehicle components and/or systems, such as the pro-
cessor(s) 120.

As shown 1n FIG. 4B, the user has moved his or her hand
from the position shown 1n FIG. 4A. The sensor(s) 110 can
detect there 1s no longer contact between the previously
selected electrode pairs 404 and the user’s palm. The sensors
110 can also detect contact at another portion of the sensing
surface 102. The EPA module(s) 134 can deactivate the
previously selected electrode pairs 404 A, 4048, 404C by, as
an example, powering down the control switch(es) associ-
ated with the previously selected electrode pairs 404 A,
4048, 404C. The EPS module(s) 130 can select one or more
clectrode pairs 404D, 404E, 404F to be activated based on
the electrode pairs 404D, 404E, 404F in contact with the
user’s hand and historical data. The EPA module(s) 134 can
activate the selected electrode pairs 404D, 404E, 404F. The
selected electrode pair 404D includes a first electrode 4061
and a second electrode 408D. The selected electrode pair
404E 1ncludes a first electrode 406E and a second electrode
408E. The selected electrode pair 404F includes a first
clectrode 406F and a second electrode 408F. The skin
conductance sensor(s) 118 can measure the conductivity
across the selected electrode pairs 404D, 404E, 404F. The
parasitic resistance can be determined. The EDA data can be
evaluated based on the parasitic resistance. The resulting
EDA data can be transmitted, as mentioned 1n the example
above, through the communication module(s) 140 to the
user’s mobile device and/or one or more vehicle components
and/or systems, such as the processor(s) 120.

It will be appreciated that arrangements described herein
can provide numerous benelits, including one or more of the
benefits mentioned heremn. For example, arrangements
described herein facilitate acquiring and measuring the
clectrodermal activity of a user. Arrangements described
herein can acquire the electrodermal activity of the user in
a non-mvasive manner. Arrangements described herein can
acquire EDA measurements without a continuous connec-
tion to the user’s skin. Arrangements described herein can
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acquire EDA measurements without the use of glued elec-
trodes or electrodes hardly pressed against the skin. Arrange-
ments described herein can provide accurate electrodermal
activity measurements. Arrangements described herein can
result in reduced computing and processing power require-
ments. Arrangements described herein can result in 1denti-
tying the emotional state of a user.

The flowcharts and block diagrams 1n the figures 1llustrate
the architecture, functionality, and operation of possible
implementations of systems, methods and computer pro-
gram products according to various embodiments. In this
regard, each block in the flowcharts or block diagrams may
represent a module, segment, or portion of code, which
comprises one or more executable instructions for imple-
menting the specified logical function(s). It should also be
noted that, 1n some alternative implementations, the func-
tions noted in the block may occur out of the order noted in
the figures. For example, two blocks shown in succession
may, i fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality 1nvolved.

The systems, components and/or processes described
above can be realized in hardware or a combination of
hardware and software and can be realized 1n a centralized
fashion 1n one processing system or 1n a distributed fashion
where different elements are spread across several 1ntercon-
nected processing systems. Any kind of processing system
or other apparatus adapted for carrying out the methods
described herein 1s suited. A typical combination of hard-
ware and software can be a processing system with com-
puter-usable program code that, when being loaded and
executed, controls the processing system such that it carries
out the methods described herein. The systems, components
and/or processes also can be embedded in a computer-
readable storage, such as a computer program product or
other data programs storage device, readable by a machine,
tangibly embodymg a program of istructions executable by
the machine to perform methods and processes described
herein. These elements also can be embedded 1n an appli-
cation product which comprises all the features enabling the
implementation of the methods described herein and, which
when loaded 1n a processing system, 1s able to carry out
these methods.

Furthermore, arrangements described herein may take the
form of a computer program product embodied 1n one or
more computer-readable media having computer-readable
program code embodied or embedded, e.g., stored, thereon.
Any combination of one or more computer-readable media
may be utilized. The computer-readable medium may be a
computer-readable signal medium or a computer-readable
storage medium. The phrase “computer-readable storage
medium”™ means a non-transitory storage medium. A com-
puter-readable storage medium may be, for example, but not
limited to, an electronic, magnetic, optical, electromagnetic,
infrared, or semiconductor system, apparatus, or device, or
any suitable combination of the foregoing. More specific
examples (a non-exhaustive list) of the computer-readable
storage medium would include the following: an electrical
connection having one or more wires, a portable computer
diskette, a hard disk drive (HDD), a solid state drive (SSD),
a random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), an optical fiber, a portable
compact disc read-only memory (CD-ROM), a digital ver-
satile disc (DVD), an optical storage device, a magnetic
storage device, or any suitable combination of the foregoing.
In the context of this document, a computer-readable storage
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medium may be any tangible medium that can contain, or
store a program for use by or 1n connection with an nstruc-
tion execution system, apparatus, or device.

Program code embodied on a computer-readable medium
may be transmitted using any appropriate medium, includ-
ing but not limited to wireless, wireline, optical fiber, cable,
RF, etc., or any suitable combination of the foregoing.
Computer program code for carrying out operations for
aspects of the present arrangements may be written 1n any
combination of one or more programming languages,
including an object oriented programming language such as
Java™ Smalltalk, C++ or the like and conventional proce-
dural programming languages, such as the “C” program-
ming language or similar programming languages. The
program code may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a
remote computer, or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider).

As used herein, the term “substantially” or “about”
includes exactly the term i1t modifies and slight variations
therefrom. Thus, the term “substantially equal” means
exactly equal and slight variations therefrom. “Slight varia-
tions therefrom” can include within 15 percent/units or less,
within 14 percent/units or less, within 13 percent/units or
less, within 12 percent/units or less, within 11 percent/units
or less, within 10 percent/umts or less, within 9 percent/units
or less, within 8 percent/units or less, within 7 percent/units
or less, within 6 percent/units or less, within 5 percent/units
or less, within 4 percent/units or less, within 3 percent/units
or less, within 2 percent/units or less, or within 1 percent/
unit or less. In some instances, “substantially” can include
being within normal manufacturing tolerances.

The terms “a” and “an,” as used herein, are defined as one
or more than one. The term “plurality,” as used herein, 1s
defined as two or more than two. The term “another,” as used
herein, 1s defined as at least a second or more. The terms
“including”™ and/or “having,” as used herein, are defined as
comprising (1.e. open language). The phrase “at least one
of ...and...” as used herein refers to and encompasses
any and all possible combinations of one or more of the
associated listed 1tems. As an example, the phrase “at least
one of A, B and C” includes A only, B only, C only, or any
combination thereot (e.g., AB, AC, BC or ABC).

Aspects herein can be embodied 1n other forms without
departing from the spirit or essential attributes thereof.
Accordingly, reference should be made to the following
claims, rather than to the foregoing specification, as indi-
cating the scope of the imnvention.

What 1s claimed 1s:

1. A method for measuring electrodermal activity (EDA),
the method comprising:

detecting, using one or more sensors, contact with a

sensing surface, the sensing surface having a plurality
of electrode pairs, each electrode pair including a first
electrode and a second electrode, the first electrode and
the second electrode being electrically 1solated from
cach other, the plurality of electrode pairs being elec-
trically 1solated from each other, the plurality of elec-
trode pairs being substantially parallel to each other, a
distance between two directly adjacent electrode pairs
being larger than a distance between the first electrode
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and a second electrode of each electrode pair, no
intervening conductive structure 1s located between the
two directly adjacent electrode pairs;

responsive to detecting the contact with the sensing
surface, selecting one or more electrode pairs to acti-
vate; and

responsive to selecting one or more electrode pairs to
activate, causing the selected one or more electrode
pairs to be activated.

2. The method of claim 1, further comprising:

acquiring EDA data from a user based on the contact with
the sensing surface, using the one or more activated
clectrode pairs.

3. The method of claim 2, further comprising:

when two or more electrode pairs are activated, deter-
mining parasitic resistance between the two or more
activated electrode pairs; and

cvaluating the EDA data based on the determined para-
s1fic resistance.

4. The method of claim 2, wherein acquiring EDA data

from the user includes measuring EDA using at least one of:
skin potential, resistance, conductance, admittance, and
impedance.

5. The method of claim 1, further comprising:

determining whether a user’s finger or palm 1s 1n contact
with the sensing surface.

6. The method of claim 5, further comprising:

acquiring EDA data from a user, based on the contact with
the sensing surface, using the one or more activated
clectrode pairs; and

cvaluating the EDA data based on the determination of
whether the user’s finger or palm 1s 1n contact with the
sensing surface.

7. The method of claim 1, wherein selecting the one or

more electrode pairs to activate includes:

selecting the one or more electrode pairs to activate based
on at least one of signal quality and historical data.

8. The method of claim 1, wherein the one or more sensors
include at least one of a capacitive touch sensor, a force
sensor and an optical sensor.

9. The method of claim 1, wherein the distance between
the first electrode and the second electrode of the plurality of
clectrode pairs 1s substantially equal.

10. The method of claim 1, further comprising;:

detecting the contact with the sensing surface 1s broken;

responsive to detecting the contact with the sensing
surface 1s broken, causing one or more activated elec-
trode pairs to deactivate;

detecting another contact with the sensing surface;

responsive to detecting the other contact with the sensing
surface, selecting one or more electrode pairs to acti-
vate; and

responsive to selecting the one or more electrode pairs to
activate, causing the selected one or more electrode
pairs to be activated.

11. A system for measuring electrodermal activity (EDA),

the system comprising;:

a sensing surface, the sensing surface having a plurality of
clectrode pairs, each electrode pair including a first
electrode and a second electrode, the first electrode and
the second electrode being electrically 1solated from
cach other, the plurality of electrode pairs being elec-
trically 1solated from each other, the plurality of elec-
trode pairs being substantially parallel to each other, a
distance between two directly adjacent electrode pairs
being larger than a distance between the first electrode
and a second electrode of each electrode pair, no
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intervening conductive structure 1s located between the
two directly adjacent electrode pairs;
one or more sensors, the one or more sensors being
configured to detect contact with the sensing surface;
and
one or more processors, the one or more processors being,
operatively connected to the plurality of electrode
pairs, the one or more processors being operatively
connected to the one or more sensors, the one or more
processors being programmed to initiate executable
operations comprising;:
responsive to detecting contact with the sensing sur-
face, selecting one or more electrode pairs to acti-
vate; and
responsive to selecting one or more electrode pairs to
activate, causing the selected one or more electrode
pairs to be activated.
12. The system of claam 11, wherein the executable

operations further include:
acquiring EDA data from a user based on the contact with
the sensing surface, using the one or more activated
clectrode pairs.
13. The system of claim 12, wherein the executable
operations further include:
when two or more electrode pairs are activated, deter-
mining parasitic resistance between the two or more
activated electrode pairs; and
evaluating the EDA data based on the determined para-
s1t1C resistance.
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14. The system of claim 12, wherein acquiring EDA data

from the user includes measuring EDA using at least one of:

skin potential, resistance, conductance, admittance, and
impedance.

15. The system of claim 11, wherein the executable
operations further include:

determining whether a user’s finger or palm 1s 1n contact

with the sensing surface.

16. The system of claim 15, wherein the executable
operations further include:

acquiring EDA data from a user, based on the contact with

the sensing surface, using the one or more activated
clectrode pairs; and

evaluating the EDA data based on the determination of

whether the user’s finger or palm 1s 1n contact with the
sensing surface.

17. The system of claim 11, wherein selecting the one or
more electrode pairs to activate includes:

selecting the one or more electrode pairs to activate based

on at least one of signal quality and historical data.

18. The system of claim 11, wherein the one or more
sensors 1nclude at least one of a capacitive touch sensor, a
force sensor and an optical sensor.

19. The system of claim 11, wherein the sensing surface
1s at least one of a portion of a steering wheel and a user
input pad.

20. The system of claim 11, wherein the distance between
the first electrode and the second electrode of the plurality of
clectrode pairs 1s substantially equal.
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